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Abstract - Radio Over Free space optics is a promising and under developed technique in a optical communication system 

to increase capacity and decreasing the system costs for future broadband communication. In this work, analyzed the 

performance of radio over free space optical communication system in the effect of various atmospheric conditions. A 

signal of 10Gbps is transmitted through Radio Over Free Space Optical Link and proposed system has to be evaluated in 

terms of Q-Factor, BER and Eye Opening Factor. The various advanced modulation formats NRZ, CSRZ, DPSK have 

been investigated in Radio over free space optical link. Among them, it is ensured that DPSK is the most accurate, well 

suited and simplest technique for RO-FSO channel. It has been observed that DPSK performs better at long range than 

CSRZ, NRZ techniques. Superior performance shows that DPSK which has simple design and less cost, perform best at a 

higher transmission range at the data rate of 10Gbps. All the results are observed using NRZ, RZ, CSRZ, DPSK 

modulation Formats and amplifier is not incorporated in this work. 

 

IndexTerms - RO-FSO (Radio over Free space optics), RF (Radio Frequency), DPSK (Differential Phase Shift Keying), Q-

Factor. 

________________________________________________________________________________________________________ 

 

I. INTRODUCTION 

The global telecommunication network has seen many brilliant inventions and discoveries over the last few years. Instead of new 

technologies optical networks are the remarkable medium for high bandwidth communications. Radio over Free Space Optics 

(Ro-FSO) and Radio over Fiber (RoF) are two new technologies in optical communication systems. These days the problem faced 

by the developers of Radio over fiber optical communication systems is that to provide separate fiber optic line to each end user is 

very costly [1]. The installation cost of optical fiber is so high and also takes lot of time such as taking grant from the government, 

trenching, labour cost etc. On the other hand, the microwave and RF frequencies are used to transfer the information but they 

suffer from serious drawbacks like less bandwidth, congestion problem, radiations penetrate through walls and less data rate 

transfer due to losses [2], if information is transmitted through R.F communication then it occupies large part of the spectrum and 

as well as provides less security [3]. In order to remove the problem of optical fiber communication and R.F communication, 

researchers invented a new system known as Ro-FSO. Ro-FSO use the light from the optical fiber and use free space from the R.F 

communication which means Ro-FSO transmit the information in the form of light and use the free space as a medium but the 

main requirement of Ro-FSO is that it needs a proper line-of-site in between transmitter and receiver [4]. Ro-FSO has many 

advantages over wired and Wireless communication.  

 

When compared with wireless RF links, FSO needs low power consumption, provides high capacity, license free, low installation 

cost, best link security and higher immunity to EMI [7]. Ro-FSO is highly immune to crosstalk [8]. Ro-FSO systems offer high 

data rate and immunity to radio frequency interference [5]. Ro-FSO is a promising technology for spreading out CATV links in 

urban areas where installing fiber infrastructure can become very expensive [9].It offers strength of high carrier frequencies which 

allows system to have a larger capacity [6]. Such systems are being used to implement many optical links where medium is free 

space. Ro-FSO can be used to communicate between two buildings, two ships and from aircraft to ground or satellite to ground 

[10]. Ro-FSO system can also be used to support high speed network as a backbone, to form WAN (wide area space network), to 

provide higher data rate in small satellite terminals and to provide support for the mobile users. It is a full duplex system [11]. It is 

easy to move, having lesser setup time, security is more and due to higher bandwidth can carry more data rate [12]. But there is a 

key issue with Ro-FSO system, the medium of transmission is free space, so link availability is a point for system deployment 

[12]. System performance can degrade due to the atmospheric conditions [7].Atmospheric attenuation is  the main causes of 

degradation but there are also other factors like scintillation, multipath fading [13].Weather conditions like rain, dust, snow, 

fog/smog can cause link degradation [9]. Fog and heavy snow are the weather condition of temperate regions and heavy rain and 

haze are of tropical region [7]. The particle size of fog are comparable to that of optical wavelength, so fog particle present in the 

atmosphere can lead to scattering and absorption of optical beam of FSO system [14]. Gases present in environment like Carbon 

Dioxide, and water vapors presence can lead to absorption of optical beam [4]. Large drops of rain and snow scattered the optical 

beam and effect is known as scattering [13].  
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The system consists of a laser beam modulated with data and is transmitted through free space with less attenuation than 

microwave and RF links as light travels faster in vacuum and can travel a long distance with minimum bit error rate [15]. The 

system is outstanding until the atmospheric disturbances are not present and effect of atmospheric attenuation is different for 

different modulation formats [16].The other parameters which affect the transmission properties include transmission aperture 

diameter, receiver aperture diameter and power of the operating laser source. The system needs more power when operated at 

large distances. So the advanced modulation schemes are investigated for the Ro-FSO optical wireless communication for the 

better performance. Further, the best scheme is observed under different power levels and analyzed the performance of the system 

at different atmospheric conditions. In this paper, the comparative study of various advanced modulation techniques has been 

carried out. The advanced modulation techniques under investigation include CSRZ, NRZ and DPSK. The article presents the 

simulation set up of different modulation schemes in single channel RO-FSO system.  Section 2 describes the system description 

of Ro-FSO transmitter and receiver using various advanced modulation formats. Section 3 focuses on the performance of Ro-FSO 

system using various advanced modulation formats by varying the transmission range, followed by simulation results of DPSK at 

different power levels. Also evaluate the performance of the FSO system using various advanced modulation formats during 

different atmospheric conditions by taking the attenuation factors 4dB/Km, 22dB/km, 40dB/km, 64dB/km and 100dB/Km [18]. 

The simulation results are discussed in section 4 with the conclusion drawn. 

. 

II. SYSTEM DESCRIPTION 

Ro-FSO system has been modeled and performance characterization by OptiSystem7.The RO-FSO basic diagram is shown in Fig 

1. In this proposed system, the transmitter (Tx) consists of Pseudo-Random Binary Sequence (PRBS) generator, it represents the 

data which is to be transmitted. A continuous wave (CW) laser source which operates on 1552 nm because of low attenuation in 

optical communication in this wavelength region, is externally modulated with an encoder. Receiver (Rx) consists of Photo 

detector followed by low pass Bessel Filter. In this section of system, the optical signal is converted back into electrical signal. 

APD (avalanche photo-diode) is used because of its high gain property. When signal propagates from the channel then it is easily 

affected by the atmospheric effects so in order to remove high frequency components signal passes through the LPF which 

remove the non linear and high frequency components. The last subsystem is BER tester which gives the Quality factor and BER 

measurement. 

The received Power Strength PRX [Watts] depends upon the transmitted input power PTX[Watts], transmitter antenna gain GTX, 

receiver antenna gain GRX, Range Loss GR, System dependent losses ASYSTEM as in (1) [17] 

PRX = PTX .GTX .GRX .GR .ASYSTEM     (1) 

Assuming Gaussian beam transmitter aperture gain is given as (2) [17] 

  GTX =32/θ2                                 (2) 

Where θ is in radians and gives the full divergence of transmitted beam range losses depend upon the distance travelled by the 

light which is given as in (3) [17] 

GR = (λ/4πL)2                                  (3) 

Receiver antenna gain is given by considering the diameter of telescopic antenna is given as (4) [17] 

 

GRX = (πD/λ)2                              (4) 

 

 
    Fig 1:  Basic diagram of RO-FSO system 

Table.1 System Specifications 

LASER Frequency 193.1Hz 

Power 4mW 

Transmitter Aperture Diameter 20 cm 

Receiver Aperture Diameter 25 cm 

Beam Divergence 0.1mrad 

Responsivity 1A/W 

Dark Current 10nA 

Cut Off Frequency Of LPF 0.8*Bit Rate 
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The system works on data rate of 10Gbps at a link range of 100 to 3000 m. Experimental set up of different advanced modulation 

formats are shown in Fig 2. 

 
(a)Generation diagram NRZ 

 
(b)Generation diagram CSRZ 

 
(c)Generation diagram DPSK 

 
(d)Generation diagram RZ 

Figure.2: Generation diagrams of advanced modulation formats at 10Gbps data rate (a) NRZ (b) CSRZ (c) DPSK (d) RZ 

III. RESULTS AND DISCUSSION 

In this system, different advanced modulation formats have been evaluated on a single channel Ro-FSO link and OWC system. A 

comparative study of advanced modulation schemes CSRZ, RZ, NRZ and DPSK has been carried out. The different parameters at 

which the FSO system works are: Data rate 10Gbps, transmitter wavelength 1550 nm, varying distances from 1km to 5km, 

transmitter aperture diameters 20cm, receiver aperture diameter 25cm, attenuation factor 022dB/km and beam divergence is 

0.1mrad .The best scheme among them is DPSK and This scheme is also used to evaluate the performance of FSO link under the 

impact of different attenuation factors. 

 

The analysis of different modulation schemes shows that the DPSK performs better than any other scheme at varying 

transmission distances with other parameters remaining equal. Fig.4 shows the graphical representation of Q-Factor and 

Transmission distance at data rate of 10Gbps. It has been shown that there is a significant decrease in Q -factor when increasing 

transmission distance. 
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 Fig.3: Graphical Representation of different advanced modulation Formats in Ro-FSO System 

By Using DPSK Modulation Format without integrating amplifier at 22dB/km attenuation factor, the RO-FSO link can cover a 

distance of 2500m at acceptable BER and Q-Factor, While CSRZ, RZ and NRZ can cover only 1100m, 1100m and 1200m at 

acceptable BER and Quality Factor. The eye diagrams for these modulation formats at maximum distance with acceptable BER 

and Q-Factor have been shown in Fig.5, which shows the comparison among these.    

 
                                          (a)                                     (b)      

                                          
 (c)                                           (d)                  

                                                                                                          

Fig.4 Eye diagrams of different modulation formats at 10Gbps data rate at maximum distance with acceptable BER and 

Q-Factor in Ro-FSO link (a) NRZ at a distance 1200m  (b) RZ at a distance 1100m (c) CSRZ at a distance of 1100m (d) 

DPSK at a distance of 2500m 

Furthermore, the Ro-FSO system performance under the impact of different attenuation factor using different advanced 

modulation schemes are analyzed. The Performance of Ro-FSO system evaluated at different transmission range in terms of Q-

Factor are evaluated in Fig 8, Fig 9, Fig 10, Fig 11.It reveals that transmission range and Q-Factor decreased with increasing 

attenuation factor but DPSK modulation technique performs better than any other modulation format at any value of attenuation 

factor. 
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              (b)                                                                 (c) 

                                (a) 

 
 (d) (e) 

Fig. 5: Evaluation of RZ modulation format at different attenuation factors using FSO (a) 4dB/Km  (b) 22dB/Km 

(c)40dB/Km (d) 64dB/Km (e) 100dB/km. 

 

From Fig 5, it reveals that Ro-FSO link using RZ modulation Format prolongs to 4100 m, 1100m, 600m, 400m and 260 m at 

attenuation factors 4dB/km, 22dB/km, 40dB/km, 64dB/km and 100dB/km with acceptable BER and Q-factor. 

 
              (b)                                                                 (c) 

                                (a) 

 
 (d) (e) 

 

Fig. 6: Evaluation of CSRZ modulation format at different attenuation factors (a) 4dB/Km  (b) 22dB/Km (c)40dB/Km (d) 

64dB/Km (e) 100dB/km. 

From Fig 6, it reveals that RO-FSO link using CSRZ modulation Format prolongs to 4000 m, 1000m, 600m, 400m and 360m at 

attenuation factors 4dB/km, 22dB/km, 40dB/km, 64dB/km and 100dB/km with acceptable BER and Q-factor. 
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              (b)                                                                 (c) 

                                (a) 

 
 (d) (e) 

Fig. 7: Evaluation of NRZ modulation format at different attenuation factors (a) 4dB/Km  (b) 22dB/Km (c)40dB/Km (d) 

64dB/Km (e) 100dB/km. 

From Fig 7, it reveals that RO-FSO link using NRZ modulation Format prolongs to 4800 m, 1200m, 700m, 450m and 280 m at 

attenuation factors 4dB/km, 22dB/km, 40dB/km, 64dB/km and 100dB/km with acceptable BER and Q-factor. 

 

 
              (b)                                                                 (c) 

                                (a) 

 
 (d) (e) 

Fig.8: Evaluation of DPSK modulation format at different attenuation factors (a) 4dB/Km  (b) 22dB/Km (c)40dB/Km (d) 

64dB/Km (e) 100dB/km. 

From Fig 8, it reveals that RO-FSO link using DPSK modulation Format prolongs to 11000m, 2500m, 1500m, 1000m and 900m 

at attenuation factors 4dB/km, 22dB/km, 40dB/km, 64dB/km and 100dB/km with acceptable BER and Q-factor. 

                In this paper, results are observed in terms of Q-factor, BER and Eye Opening Factor by transmitting 10Gbps signals 

through RO-FSO link using different modulation techniques and under the effect of different atmospheric conditions. It is 

revealed from Fig 4, Fig 5, Fig 6 and Fig 7 that DPSK performs better than other techniques, at long distance with acceptable 

BER and Q-Factor. Fig 8, Fig 9, Fig 10, Fig 11 shows that system performs better with less attenuation factor, as a attenuation 

increases Q-Factor decreases.  

 

IV CONCLUSION 

In this article, 10Gbps data is transmitted through FSO link  using different advanced modulation schemes of CSRZ, NRZ, RZ 

and DPSK. Out of these schemes, DPSK has given better results at transmission distance of 2500m in FSO link with acceptable 

BER and Q-Factor. From the results, it ensures that DPSK Modulation Format is well suited for FSO channel. Further the 
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performance is evaluated under the effect of different atmospheric attenuation factors in terms of Q-Factor and BER at 10Gbps 

data rate. Hence, it is concluded that DPSK is the best for long transmission distance and high data rate applications with 

minimum bit error rate and good quality factor. 
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